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FLIGHTTESTSAT SUPERSONICSPEEDSTO DETERMINETHE

EFFECTOFTAPERONTHEZERO-LIFTDRAGOF

SWEH’BACKLOW-ASPECT-RATIOWINGS

Rocket-powered

ByMurrayPittell

EnmMARY

modelshavebeenflowntoprovideanexperimental
comparisonwithlinearizedtheoreticalcalculationsforzer~-liftdrag
of sweptbacktaperedwingshavingthin,symmetrical,double=wedgeair-
foilsections.Therangeoftheexperimentaldataisfroma Machnum-
ber M of 1.0to 1.8, @ theoreticalcomp~isonswe madeforthetest
rangeaboveM = 1.2.

Thelinearizedtheorycomparedveryfavorablywiththeexperimental
resultsovermostof thetestrange.Fora giventhicknessandaspect
ratio,tapergenerallyincreasedthewingdragatlowsupersonicspeeds
butreducedthedragathigherspeeds.For
ratio,thewingsofaspectratio4 hadless
greaterdragaboveMS 1.2,thanthewings

INTRODUCTION

.
a giventhicknessandtaper
dragbelow M=
ofaspectratio

1.2,but
2.

Airfoiltheoryforsupersonicwavedragofthin,symmetrical,
double-wedgese~tions(refs.1 and2)hasi&3icated%he”effectoftaper
andaspectratioonwingdrag.Thepurposeofthepresentinvestigation
wastoprovideexpertintalcorrelationforthetheoryofreferences1
and2.

ThewingconfigurationshadconstantsweepofSOOofthe0.Schord
lineandtaperratiosof0, 1/3,and2/3foraspectratiosof2 and4.
Theairfoilswereconstant6-percent-thickdouble-wedgesectionsin
orderthata validcomparisoncouldbe madewiththetheory.

%5upersedesrecentlydeclassifiedNACAResearchMemorandumL50F30a
byMurrayPittel,1950.
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2 NACATN 3697

Theflighttestsweremadeby usingtherocket-powered-modeltech-
niqueatthePilotlessAircraftResearchStationatWallopsIsland,Va.
andcovereda’rangeofMachnumberfrom1.0to 1.8correspondingto an r

averageReynoldsnuniberrangefromapproximately5 X 106to 10X 106based
onthemeanaerodynamicchordoftheexposedwingsurfaces.Thewingdrag
presentedin thispaperincludesmutualinterferenceeffectsbetween
wingandbody.

SYMBOLS

c%
Ct

Cr

c~cr

s

v

c

M

g

P
a

w

Y

total-dragcoefficientoftestvehiclebasedonanexposed
wingareaof200squarefiches

wing-dragcoefficientbasedonanexposedwingareaof
200squareinches

tipchordmeasuredinfree-streamdirection,inches

rootchordmeasuredatwing-fuselagejuncture,inches

taperratio

wingarea,squareinches

velocityoftestvehicle

sonicveloci~,feetpersecond

Machnumber(V/c)
.

accelerationofgravi~,32.17feetpersecond2

massdensityofair,slugspercubicfoot

accelerationofmodel,feetpersecond2

weightofmodel,powdere~ended,pounds

angleoflaunch,degrees

CONFIGURATIONANDTESTS

Configuration.-Themodelsweresoconstructedastohavewings
withtaperratiosofO,1/3,and2/3foraspectratios,basedonthe
exposedsurface,of2.0and4.0ti,ththewingmaximum-thicknessline
sweptbackSOO(figs.l(a)and.l(b)).Althoughtheaspectratiobased
ontheexposedsurfaceshasbeenheldconstantforeachofthefamilies
oftaperratio,thetotalaspectratio(includingthesectionofwing
coveredby thebody)is~ferent foreachofthetestmodels.The
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tablebelowliststhevaluesoftotalaspectratioforeachmodel,but
furtherreferenceto aspectratiointhisreportrefersonlytothe
valuesfortheexposedsurfaces:

Aspectratiobased I Total
on exposedsurface Taperratio aspectratio

2.00
2.0 J3 2.22

2/3 2.3h

4.0
4.00

173 4.30
2/3 4.50

Thefree-streamprofilewasa double-wedgesectionof6-percent-thickness
ratio.Thewingsweremountedwithzeroticidenceangleona standard
body(fig.2(a))sothattheone-quarterpointof themeanaerodynamic
chordlayat station34.5alongthebody. Photographsofthetest
vehiclesareshowninfigures2(b)and2(c).

Thestandardbodywasanall-woodshellwithfourmetalstabilizing
finsspacedequallyaroundthebody(fig.2(a)). ThebodywasS inches
indiameterandaboutS feetlong. It consistedofa sharpnoseof
nearlycirculararcprofilehavinga finenessratioof3.5anda hollow
cylindricalafterbody.Thestabilizingfinsweretaperedinplanform
andhadrectangularsectionswithroundedleadingedgessweptback45°
andsquaretrail~ edges.Thewings,whichwereplacedonthestandard
body,wereindexed~~”to thefins. Thewingswerefabricatedofmag-
nesiumandmountedbymeansofsupportbracketstothesustainermotor
casewhichwasenclosedinthehollowfuselage.

Themodelswerepropelledbymeansofa two-stagesystemwherein
theboosterwasa S-inch,high-velocity,aircraftrocketmotorhaving
stabilizingfinsof1600-square-inchtotalexposedarea. Themodel
sustainermotorwasa 3.25-inchMark7 aircraftrocket.

Tests.-TheflighttestswereconductedatthePilotlessAircraft
ResearchStationatWallopsIsland,Va.

Twomodelsofeachwingedconfigurationwereflom anddatawere
obtainedforallmodelsexceptforonewingedmodeloftaperratio2/3,
aspectratio2.0. Sixmodelsofthestandardbodywinglessconfiguration

o wereflownfromwhichdatawereobtainedovera Machnumberrangeof0.8
to 2.1.

.
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Theexpertientaldatawereobtainedby launchingthemodelatan
angleof70° tothehorizontalandby determiningitsvelocityalonga
nearlystraight-lineflightpath. Thevelocitydeterminationismade

:

possibleby a Dopplervelocimeterlocatedatthepointoflaunching.
TheCWDopplerveloctieterradarunitislocatedatthelaunchingsite
andconsistsessentiallyoftwoparabolicreflectorseachwithan
antenna:oneto transmitcontinuous-wavesignalsofknownfrequency
alonga conicalbeamandtheotherto receivethemaftertheyare
reflected-offthemovingvehicle.Thebeatfrequencybetweenthetrans-
mittedandreceivedsignalsisa functionofthevelocityofthevehicle
andisrecordedphotographically.Theflightvelocitiesarethenascer-
tainedfromthesefilmrecords.Accelerationis obtainedfroma numerical
differentiationofthevelocity-ttiehistoryofthemodel’sflightand
dragcoefficientisreducedfromthefollowingequation:

CD=
-2W(a+g siny)

gpsv2

Thevariationsoftemperatureandstaticpressurewithaltitude
usedin calculatingthedragcoefficientandMachn@er ofthemodels
wereobtainedfromradiosondeobservationsmadeatthetimeoffiring.

Theprobableinaccuracyinthevaluesoffig-dragcoefficientis
appro~tely *0.002.TheMachnumberisbelievedtobe correctto
within*0.01.No datahavebeenpresentedbelowa Machnumberof1.0
becauseoftheunlmowncurvatureintheflightpathsofthe testmodels
duringthelastseveralsecondsofmeasurableflight.

RESULTSANDDISCUSSION

ThevariationinReynoldsnumberwithMachnumberforeachofthe
testconfigurationsis givenfortherangeofthetestsin figure3.
TheReynoldsnumberhasbeenbasedonthemeanaerodynamicchordof
theexposedwingsurfaces.

Tnedataobtainedfromthe flight tests of thewingedmodelsare
presentedinfiguresk(a),h(b),andh(c)astotal-dragcoefficient,
basedonanexposedwingareaof1.389squarefeet,plottedagainst
Machnumber.Thesymbolsusedrepresentcalculatedtestpointsfor
eachmodelofeachconfigurationflown.Thetotal-drag-coefficient
dataplottedagainstMachnumberforthebasicwinglessbodyareshown
infigure5. Thedrag-coefficientvaluesofthebasicwinglessbody
arebasedona wingareaof1.389squarefeetforcomparisonwiththe
dragcoefficientsofthewingedbodies.

— . — . . ..—.——— —
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W5ng-dragcoefficientsobtainedasthedifferenceintotal-drag
coefficientbetweena wingedandwinglessconfigurationareplotted
againstMachnumberinfigure6 fora comparisonofwingsof three
taperratios.Thesedataincludethemutualinterferencebetweenwing
andbody. Foreachofthetwoaspectratiostestedtheresultsshowed
that,from M% 1.0 to M% 1.3, themorehighlytaperedwingshadthe
greatestdragbuthadtheleastdragaboveM% 1.3.

In figure7 thewing-dragcoefficientsofthetestedwingsare
plottedagainstMachnumberfora comparisonof-s oftwoaspect
ratios.Thewingsofaspectratio,bhadlessdragbelow M= 1.2,
butgreaterdragaboveM= 1.2,thanthewingsofaspectratio2.

Figure8 showscomparisonsbetweentheexperimentalandcalculated
wing-dragcoefficientsforeachtestconfiguration.Thecalculated
resultswereobtainedfromthetheoryofreferences1 and2 andthese
resultsincludea constantfrictiondragcoefficientof0.(x)6. The
theoryhasbeenappliedtothepresenttestsby assumingthebodyto
forminfiniteendplatesatthewingroot. Theagreementbetweenthe
experimentalandcalculatedresultsis uitegoodexceptforthetwo

?wingsofaspectratioh, taperratios1 3 and2/3. Thetheoryquali-
tativelyshowsthesameeffectoftaperandofaspectratioasthat
shownby experiment.

CONCLUSIONS

An experimentalinvestigationhasbeenmadeofwingwag forswept-
backtaperedwingsat zeroliftwiththin,symmetrical.,double-wedge
sectionswithfree-streamprofilesof6-percent-thiclmessratio.The
midchordlineofthewingswassweptbackSOO.”Thetaperratiostested
wereO,1/3, and2/3,foraspectratios,basedontheexposedsurfaces,
of2.0and~.O. TheMachnumberrangeofthetestswasfrom M = 1.0
to1.8.

Withinthelimitsoftheteststhe

1.From M= 1.0 to M=l.3, the

resultsshowthat:

wingswithmoretapergivehigher
dragcoefficientsand,

— — —
abovea Machnumberof1.3, thewingswithmore

tapershowlowervaluesofdragcoefficient.

2.Thewingsofaspectratio.!4hadlessdragbelowM X 1.2,but
greaterdragaboveM x1.2,thanthewingsofaspectratio2.

.
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3. b general,theexperimentalresultsyieldedgoodagreementwith
thetheorycfNACATN 1~ andTN 1672..Thetheoryqyali-tativelyshows
thesameeffectoftaperandofaspectratioasthatshownby experiment.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

~ey Field,Vs.,July5, 1950.
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(a)Aspectratiobasedonexposedsurfaces,2.0.

Figure1.-Arrangementoftestvehicles.Wingarea(exposed),200square
inches;finarea(4finsexposed),136.5squareinches.
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(b)Bodiesuithwings of aspct ratio 2.0.

Figure 2.-Continued.

II

,- .



,

I
I

I

-.. ,
l-\

I

I

&\‘-,/ \
f_

‘*

>=0
Cr

I
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Figure 2.- Concluded.
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Figure3.- VariatiunofReynoldsnumberwithMachnumberforeachtest
configuration.Reynol&numberbasedonmeanaer@namiccho~dof-
ex~sedwingsurfaces.
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Figure k.- Total-drag-coefficientckta plotted against Mach number for the
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Figure4.-Concluded.
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Figure 5,-Total-drag-coefficl.entdata plotted against Mach number for
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wing area of 2Q0 square inches.
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Figure 8.-Comparisonbetweenexperimental and theoretical wing-drag coef-
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